Five batches of Gouda-like cheese were made to study the effect of simplesse® -100 at rate 0 .18 g /L milk on the quality of the resultant Gouda-like cheese during three months of ripening. Three batches of Gouda-like cheese were made from whole fat (3.5%), reduced fat (2.5%) and low-fat cow's milk (1.5%). Similarly another two batches of reduced (2.5%) and low-fat milk (1.5%) were made with addition of fat replacer (Simplesse®-100) at a rate of 0.18 g/ litre of milk. Results indicated that cheese treatments made by adding simplesse characterized with a pronounced increase in moisture, total protein and titratable acidity. In addition, these chesses characterized with higher ripening indices (WSN/TP, PTN-SN/TP and NPN/TP) and total volatile fatty acids (TVFA) than the corresponding cheese treatments being made without simplesse® -100, when fresh and during storage period. Moreover, results revealed that decreasing fat content of cheese had an obvious effect on chemical composition and ripening indices of the resultant cheese, when fresh and during storage period Results revealed that decreasing fat content of cheese had a remarkable effect on total viable, proteolytic and lipolytic bacterial counts in the resultant cheeses during ripening period. Addition of simplesse® -100 decreased the counts of total viable, proteolytic and lipolytic bacterial in resultant cheese compared with cheese free from simplesse ® -100 along the ripening period.
INTRODUCTION
Gouda cheese is one of the popular semi-hard Dutch cheeses. Consumption of this cheese in Egypt has been increased in the recent years, and it has been manufactured in some Egyptian dairy factories.
Over the past decade, dietary fat has been linked to risk of diseases such as coronary heart disease, obesity, cancer and blood cholesterol which are related to oxidation of lipid. (Akoh, 1998) . This health risk has necessitated the need to improve the consumer awareness and a vivid change in the supply and demand for low fat foods including cheese. Furthermore, Fat plays an important role in the body & texture and flavour of cheese. Full-fat Gouda cheese characterized by a protein matrix interspersed with fat globules of varying shapes and size.
Meanwhile, low-fat cheese tends to have low intensity of taste, typical flavor and hard and grainy texture (Mistry and Anderson, 1993 ). Low-fat cheese made by conventional methods was of poor functional properties and poor aroma and rubbery body and texture. It could also be observed an appearance of calcium lactate crystals (Rodrigues ,1998) . In the light of this many ingredients and different technological strategies have been developed for enhancing quality of lowfat cheese.
Fat replacers are ingredients used to reduce fat content with a substantial decrease of caloric value and at the same time providing some of functional properties of fat. It divided into 2 groups: fat substitutes and fat mimetics .Fat substitutes are non-polar and soluble compounds providing sensory and functional properties of fats to food. However, fat mimetics are polar water soluble substances used to partially replace sensory and functional characteristics of fat. Fat mimetics were reported to improve sensory and functional characteristics of low fat cheese by binding water, and thereby improving texture and yields (Mistry, 2001) .
According to a composition fat mimetics consist mainly of microparticulates protein or carbohydrate -based materials (kavas .etal .,2004) . Carbohydrate -based fat replacer are widely used in food processing to improve functional properties that are adversely affected by lowering of fat levels (Zisu and shah ,2005) .However ,proteinbased mimetics are also employed to replace fat in cheese manufacture .
The objective of this study is to investigate the effect of adding protein-based fat replacer (simplesse-® -100) on the quality of low-fat Gouda-like cheese during storage period.
MATERIALS AND METHODS
Fresh cow's milk was obtained from the herd of Sides experimental station, Animal Production Research Institute. Simplesse® -100 a protein -based fat was obtained from CP KLCo , Chicago , II ,USA (it's chemical composition was moisture 40% , ash > 7% and carbohydrate 39.5% . Salt was obtained from El -Naser Company, Alexandria, Egypt. Hansens's powder rennet from Chr. Hansen's laboratories, Copenhagen, Denmark.
Lactococcus lactis subsp. lactis was obtained From Cairo Microbiological Resource Center (MIRCEN), faculty of Agriculture, Ain Shams Univ, Egypt.
Tryptone Glucose Extract agar medium code CM 127 (TG EA) and Nutrient agar medium were bought from Oxoid division of Oxoid LTD, London, UK. Five batches of Gouda-like cheese were made as follow's: Treatment 1: made from fullfat (3.5 ± 0.1%) cow's milk and served as control (T1). Treatment 2: made from reduced fat milk (2.5±0.1%) without adding simpless-100 (T2) Treatment 3: made from reduced fat milk (2.5±0.1%) + simplesse-100 0.18g/l milk (T3)
Treatment 4: made from lowfat milk (1.5±0.1%) without adding simplesse -100 (T4) Treatment 5: made from lowfat milk (1.5±0.1%) +simplesse -100 0.18 g/l milk (T5). Milk of all treatments was pasteurized at 74 o c /20sec cooled to 32 o C and 0.02 % CaCl 2 was added. -: simplesse 100 was added to milk. The rest steps of manufacturing process were carried out according to (scott , 1981) .Cheese of all treatments were ripened at 8-10 o c for 3 months at 85% relative humidity . Cheese samples were periodically taken at 0, 1, 2 and 3 months of ripening for chemical, microbiological and sensory evaluation. Three replicates of this were done.
Moisture, fat, titratable acidity and total protein were determined according to ling (1963) . PH value were measured using a calomel glass electrode PHmeter model HANNA instruments H 18424. Salt was determined according to method of Simov (1980) .Water soluble nitrogen was determined according the method described by kucoo and Fox(1982) . Non-protein nitrogen was estimated according to IDF (1993) . Phosphotungstic acid (5%) and soluble nitrogen were determined according to Jarret , etal (1982 ) . Total volatile fatty acids was estimated with method described by kosikowski (1982) .
Total viable count was determined according to American Public Health Association method (APHA, 2004) , proteolytic bacteria was determined according to Sharaf( 1970) , lipolytic bacteria was determined with method described by Davis( 1955) Organoleptic properties scored by the staff members Dairy Technology Department, Animal Production Research Institute according to Pappas, etal (1996) ..Scoring scale, flavor (50) , body & texture(40) , appearance(10).
The general liner models procedure of Statistical Analysis System (SAS) was used to analyze the data.
Analysis of variance for all cheese samples were performed to determined differences between samples. One-way randomized complete block design and least significant differences (L.S.D) were adopted in the resultant (SAS 1990) .
RESULTS AND DISCUSSION
It is clear from Table (1) decreasing the fat in cow's milk cheese to 2.5% (reducedfat milk) and 1.5% (low -fat milk) had a significant effect on the chemical composition of the resultant Goudalike cheese, when fresh and during storage period. This reduction led to increasing the moisture and protein contents in the resultant Cheese. The moisture and protein of fresh full-fat cheese (T1) were 41.75 and 21.25% respectively and the corresponding values of reduced -fat cheese (T2) were 44.65 and 26.70% and low fat cheese (T4) were 47.32 and 30.22 % , in order .Addition of Simplesse®-100 had a significant effect on moisture contents. Moreover, moisture contents were 46.88 and 49.87 % for fresh treatments (T3 and T5) containing Simplesse®-100, respectively, being 42.53 and 44.99 % for the same treatments, after 3 months of ripening, in order. The addition of Simplesse®-100 markedly increased the moisture contents of this treatments (T3 and T5) as compared with control .Generally, it was noted that the moisture contents of low fat cheese made with Simplesse®-100 were higher than that in the control either fresh and during ripening .These results agreed with those reported by Mc Mahon etal. (1996) .They mentioned that low-fat cheese containing wheybased fat replacer had 2.2 to 2.3 % higher moisture content than, the corresponding one free from fat replacer. In addition, simpelesse was observed as microparticles embedded within the casein matrix, which allow greater moisture retention and curd synersis was retreated during cheese making as a result of water being bound directly to the fat replacers, or fat replacer may interfere with shrinkage of the casein matrix, thus lowering the diving force involved in expelling water from the curd particles. Moreover, the results revealed that inverse relationship between the fat content of cheese milk and protein of cheese. This relationship was continued along the storage period. Cheese samples contained Simplesse®-100 possessed highest values of protein compared to control cheese. The same trend was noticed, also by (Guinea etal, 1998 and Sahan etal, 2008) .
It is clear from Table (1) the addition of Simplesse®-100 had significant effect on F/DM of the resultant cheese when fresh and during storage period. Control cheese (T1) had higher F/DM content than other treatments. Whereas, low fat Gouda like cheese made with Simplesse ®-100 (T3 and T5) had slight higher fat content than corresponding low fat Gouda like cheese made without Simplesse®-100 (T2 and T4).Similar trends was obtained by EL-Aidie (2005) . Who mentioned that addition fat replacers to Edam cheese had no pronounced effect on the F/DM contents of the resultant cheeses compared to the control one, during ripening period .Moreover , as the ripening period progressed , the F/DM of all cheese treatments were gradually increased reaching to maximum values after three months of ripening. This could be attributed to the reduction of its moisture content throughout the storage period.
Results, also, showed that salt contents of cheese contained Simplesse®-100 were slightly higher than cheese without Simplesse®-100 when fresh and during storage period.
From data in Table ( 2) ,it could be noticed that adding Simplesse®-100 to milk cheese had remarkable effect on titratable acidity (TA) .Cheese made with Simplesse (T3 and T5) had higher TA than corresponding cheese made without Simplesse ®-100 (T2and T4). These results might be due to the higher moisture content (higher water activity), which enhances the growth of cheese microflora and subsequently developing acidity .Similar results were reported by Luecy and Gorry (1993) .In addition, the TA of all cheese treatments had the same trend of increasing along storage period .The trend of the changes in pH values of all treatments was opposite to that acidity .
It decreased gradually in all cheese treatments during storage period .Furthermore, it can be observed that the reduction of cheese fat content ,led to the decrease in the TA(T2 and T4) compared with the control(T1) when fresh and during storage period. On the other hand, there is an opposite trend was observed when simplesse was added (T3 and T5). From the data in Table ( 3), it could be noticed that adding Simplesse ®-100 to low -fat Gouda like cheese (T3 and T5) was accompanied by high level of SN/TN, PTA-SN/TN and NPN/TN. In addition, the ripening indices decreased as the fat content decreased. Moreover, as the storage period advanced the ripening indices (SN/TN, PTA-SN/TN and NPN/TN %) gradually increased to reach the maximum values at the end of the storage period. These variations may be due to the higher moisture content, acidity and the action of proteolytic bacteria during storage period. Similar trend were obtained by Shehata et.al.(2004) and Ali (2006) .
As can be seen from Table ( 3) results of ripening indices revealed that there is a direct relationship between the fat content of cheese and its content of TVFA, as the fat content of the cheese increased the level of TVFA increased. Addition of Simplesse®-100 had a great effect on TVFA. Moreover, cheese containing Simplesse®-100 (T3and T5) had higher TVFA contents when fresh and during ripening than control cheese (T1) and low fat Gouda -like cheese (T2and T4) . Sahan etal (2008) stated that addition of fat replacer to kashar cheese increased the liberation of TVFA in the resultant cheese than control and low fat cheese. Also, Fox etal. (2004) reported that during ripening, many starters loose viability and release their intracellular enzymes due to autolysis. These enzymes playing a crucial role in maturing the cheese and participate greatly in proteolysis and lipolysis process. Subsequently, increasing the value of ripening indices and TVFA, along the repining period. Counts of bacteria, yeast and mould present in cheese contribute in a positive manner to the maturation process either directly through their metabolic activity or indirectly through the release of enzymes into the cheese matrix through autolysis. From data in Table ( 4), it could noticed that counts of total viable (TC) , proteolytic and lipolytic bacteria were higher in fresh full-fat cheese (T1) than the other treatments. This reduction was more in low-fat cheese (T3 and T5) than in reducedfat cheese (T2and T4).This decrease may be due to the variations in chemical composition between full-fat cheese and reduced or low fat cheese. Moreover, the results indicated that there is gradual increase was observed throughout the storage period up to 30 days in all cheese treatments. Then the number of bacteria decreases gradual with storage.
The TC of full fat cheese (T1) were 8.5 cfu× 10 7 /g at the beginning of ripening decreased to 7.2 cfu× 10 7 /g at the end of the storage period. Whereas, counts of TC in T2 and T4 were 7.7 cfu× 10 7 /g and 6.8 cfu× 10 7 /g declined to 6.6 cfu× 10 7 /g and 5.2 cfu× 10 7 /g. Decreasing the moisture content, increasing acidity and the end products of metabolism process may be participating in this reduction. Similar trends were obtained by Haque et.al.(2007) .
On the other hand, addition of Simplesse -®-100 resulted in lower counts of these populations in cheese when fresh and during ripening, compared to other treatments. This reduction of bacterial counts was referred to the reduction of water activity because the fat replacer has higher water holding capacity which subsequently affect and inhibiting the bacterial growth. Banwart (1981) . The counts of proteolytic and lipolitic bacteria decreased by decreasing the fat content in the cheese when fresh and during storage period. At the ripening period advanced, the proteolytic and lipolitic counts of all treatments gradually increased up to the end of the ripening period. This trend of increase was found to be opposite to that happened in TC. Full-fat cheese (T1) recorded the highest counts, after 3 months of ripening, (118 and 64 CFu× 10 3 /g for proteolytic and lipolytic, in order).The lowest counts were found in low-fat cheese containing Simplesse®-100 (T5) . (Gilles and Lawrence, 1973) stated that four parameters influence the gross composition of the cheese , Salt in moisture , non-fat substances , fat in day matter and PH value. These parameters in turn influence the environment in which the microorganisms proliferate. The primary environmental factors controlling growth of microorganisms in cheese include water and salt content , PH value , presence of organic acids and nitrate , redox potential and ripening temperature (Beresford etal ,2001) . Significant differences were noticed between the organoleptic properties of full and low fat cheese during storage period. Full -fat Gouda cheese (T1) characterized by smooth body, open texture and clean acid flavor. Moreover, control cheese (T1) gained the highest scores when fresh and during storage period as compared to the other treatments contained or free from simplesse. Awad etal. (2003) reported that no fracture was observed when full -fat Gouda cheese sample compressed in the hand and it was of a pliable body & texture. On the other hand, low -fat cheese was of the lowest sensory properties among the other treatments, along the ripening period. Its characterized by flat flavour, more firmer body and elastic texture, crumbling under compression force than the control cheese .These results are close with that found by (Madeson & Ardo, 2001) and (Awad etal 2003) .In addition , Drake etal .(2010) showed that differences documented between full-fat and low-fat cheeses , are not due to solely to differences in matrix and flavour release but also to distinct differences in ripening biochemistry , which leads to an imbalance of many flavour contributing compounds.
Results revealed that reduction of cheese fat had a reverse effect on the organoleptic properties of resultant cheese. Furthermore, adding Simplesse ®-100 has significant effect on organoleptic properties of low fat -Gouda like cheese. Moreover, it improve greatly its sensory attributes "especially body and texture". These results are in line with those reported by Drake etal .(1996) .They stated that the function of simplesse (a whey protein fat replacer ) is decreasing the available hydrophobic sites at the fat /water surface in ripe cheese and did not full substitute the role of fat in aroma and flavour binding capacity . Therefore, data in table (5) show that reduced and low-fat cheese containing simplesse (T3 and T5) had lower score points than fullfat cheese (T1), throughout the ripening period and had higher scores than cheeses free from simplesse (T2 and T4). These results are consistent with that reported by Aryana etal (2001) .They stated that fat replacers reduced the continuous protein matrix of lowfat cheese (compact body and firmness) and increased the openness texture of the resultants cheese (smoothness).
As the ripening period progressed the organoleptic properties of all cheeses were improved and enhanced as a result of the chemical and microbiology changes occurred. T1: Full-fat cheese (control) T2: Reduced fat cheese (2.5%) T3: Reduced fat cheese (2.5%) + simplesse T4: low fat cheese (1.5%) T5: low fat cheese (1.5%) + simplesse
